22. Toxins, health, and behavior: implications of
toxicology for public policy
Roger D. Masters

1. INTRODUCTION: EFFECTS OF LEAD AND MANGANESE
ON HUMANS

Within universities, studies of the impact of toxins on behavior or health are endangered
by the divisions between departments in the Natural and Social Sciences. Toxicologists
focus on the danger of chemicals, often in laboratory testing; political scientists study
factors shaping the way public issues are perceived and the effects of political decisions.
In the new field of Biology and Politics, these issues are addressed by linking harmful
effects of toxins to behaviors such as educational failure, substance abuse, and violent
crime (Gottschalk et al., 1991) with results useful to both decision-makersand the general
public (Masterset al., 1998).

To start with lead, widely known to be harmful, toxicologists who study its harmful
effects typically measure the danger by calculating “LD50" — that is, the exposure that
has a 50 percent probability of lethal effects. Such harmful effects have been known in
America since Benjamin Franklin, who wrote on the “danger of lead taken inwardly”
(1786 [1987]). In recent years, many toxicological studies have focused on exposures far
below the “LD50” level that have negativeeffects on widespread behaviorswith enormous
costs to taxpayers (Struempler et al., 1985).

For example, the traditional measure of dangerous environmental exposures to lead
has been 10 micrograms per deciliter (ug/dL) of drinking water. Although this may seem
a small amount, in reality there are often cumulativeeffects from lead in municipal water
supplies, lead pipes joined with lead solder, residues of lead paint in old housing, indus-
trial lead pollution, and other lead elements in the environment. (Bratton et al., 1994;
Wrightet al., 2008). Several years ago, a “Toxic Substances Control Committee” formed
by the Vermont state government recommended that since it was impossible to find a
“safe” level of exposure o lead, the level justifying intervention by the state Department
of Health or other public authorities in Vermont should be reduced to 5ug/dL. This
decision was a compromise to reflect new scientific studies without blatantly offending
powerful interests.

Manganese is another element that has toxic effects on humans (Kirpekar et al.
1970; Autissieret al., 1982; Massie, 2010). Since both lead and manganese are found in
many water systems, problems often occur when either one or both are present in the
tap water of Americans. Recent research has also revealed harm from the substitution
of either fluorosilicic acid (H2SiF6) or sodium silicofluoride (Na2SiF6) for sodium
fluoride (NaF) as the compound used for “water fluoridation” in communities which
now serve over 120 million Americans (Mastersand Coplan, 1999a). These three toxins
(either alone or in combination) have been associated with increased blood lead levels
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in a local community, with effects on learning behavior, substance abuse, and violent
crime.

Mechanisms for these effects have been discovered by toxicologists or other biologi-
cal specialists in human brain chemistry. Both lead and manganese reduce the activity
of neurotransmitters that often play an inhibitory role in behavior and learning. Lead
lowers the action of dopamine (Struzynska and Rafalowska, 1994; Zuch et al., 1998);
and norepinephrine (Bratton et al.,1994). Manganese also reduces the functional activity
of norepinephrine (Kirpekar et al., 1970; Massie, 2010) and dopamine (Autissier et al.,
1982). Moreover, where water is treated with a silicofluoride — that is, either fluorosilicic
acid (H2SiF6) or sodium silicofluoride (Na2SiF6) — research shows that the lead in chil-
dren’sblood is significantly increased (Masters and Coplan, 1999b; Masters et al., 2000).
In addition, silicofluorides inhibit the activity of the enzyme acetylcholinesterase, which
regulates the neurotransmitter acetylcholine, a major neurotransmitter activating human
muscles and hence human activity (Finney et al., 2006). These effects of lead, manga-
nese, and silicofluoride are linked to hyperactive behaviors associated with behavioral
(and especially learning) problems that are more frequent where lead and manganese are
polluting the environment (Coplan and Masters, 2001).

The present study describes tests of the association between localities in which the
population is exposed to lead, manganese, or silicofluoride and public statistics showing
harmful effects on human health or behavior. The analysis has three major components.
First, an assessment of the harmful effects of toxins, illustrated by lead and manganese,
can illustrate why the assessment of superfund sites needs to consider multiple toxins as
well as a range of their behavioral and health effects. Second, the harm from chemical
compounds (silicofluorides) now used for over 90 percent of water fluoridation in the
United States illustrates how failure to conduct such analysisis today poisoning well over
120 million Americans. Third, generalization of these twoexamples not only identify toxic
chemicals that increase learning disabilities, substance abuse, and violent crime, but reveal
sources of disproportionate harm to some minorities that conventional social scientists
have never suspected.

2. EXAMPLE: SILICOFLUORIDES IN PUBLIC WATER

Over the last fifty years, extensive controversy has raged over the “fluoridation” of
public water supplies (Bryson, 2004; Rymer, 2000; Shabecoff and Shabecoff, 2008).
Energetically promoted by the American Dental Association and Centers for Disease
Control (CDC) as a means of reducing tooth decay and improving dental health, others
claim the practice of adding fluoride to public water produces unsightly stains on teeth
(dental fluorosis) and has little beneficial effect. For example, while Bryson cites data
showing that the beneficial effects of fluoride on tooth decay occur from topical appli-
cations on the tooth surface, he also cites research showing that the effects of fluorida-
tion sometimes produce mottled teeth or other harmful effects. Of policy importance,
however, are reports of tooth decay showing that rates of caries — among minorities —
are worse in communities that “fluoridate” their water supply (one example is Harlem).
Probablereasons for these findings may be associated with a major flaw in the debates
of the last half-century.
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For practical reasons it is impossible to add “pure” fluoride to a water supply. The
public policy called “fluoridation,” whether by supporters or by critics, relies on one
of three chemical compounds. These chemicals are sodium fluoride (NaF) and one of
two compounds called “silicofluorides:” hydrofluorosilicic acid (H2SiF6) and sodium
silicofluoride (Na2SiF6). The compound chosen by a public water system greatly influ-
ences users’ processing of the treated water and its effects on health and behavior. The
principal difference, well documented in many comparative studies but ignored when an
EPA administrator provided advice to a Congressional committee in 1999, is that silico-
fluorides consistently producedifferent biological effects than sodium fluoride (Fox, 1999;
Coplan and Masters, 1999).

Both supporters and critics continue to call this public policy “fluoridation,” without
reference to the different compounds used for the purpose. This scientifically vague prac-
tice began in public statements by proponents in the 1940s, and unfortunately has been
followed regardless of policy preferences (Waldbott et al., 1978, Cohn, 1992; Reeves,
1994). For purposes of public policy decision-making and assessment of outcomes, refer
ence to each of the chemicals used is highly advisable.

Sodium fluoride is the only compound for which careful scientific testing was
conducted either beforeor after its usage for water fluoridation began. The use of sodium
fluoride has been justified because harm is prevented by the chemical “dissociation”
between the sodium (Na) and fluoride (F) atoms when sodium fiuoride (NaF) is added
to water. The possibility of harmful side-effects from silicofluoride-treated water follows
from the presence of silica, an atom with eight bonding sites (that is, it forms a bond
with eight other atoms). This means that while a silicofluoride carries six fluoride atoms,
it also carries both one silica atom and two other atoms (either hydrogen or sodium),
making possible biochemical results that do not occur when water is treated with sodium
fluoride.

Although the American Dental Association and other supporters, including the
American Public Health Association and Centers for Disease Control (CDC), have fol-
lowed the unscientific practice of speaking only of “fluoridation,” ignoring the different
compounds used for this purpose, public policy-makersshould not continue to make this
mistake. Wheresilicofluorides are in use, uptake of lead from environmental sources like
old housing with lead paint is higher than where water is treated with sodium fluoride
or not fluoridated. Our data for epidemiological studies of children’s blood lead levels
(Tables 22.1 and 22.2; Figures 22.1 and 22.2) has included three samples with a total
population of over 400000 (children in Massachusetts and New Yorkand in the National
Health and Nutrition Examination Survey (NHANES 111). Theseeffects aresignificantly
worse for poor and especially poor black children (probably due to lower levels of calcium
in their diet, in turn probably due to lactose intolerance).

Many behavioral dysfunctions have been associated with lead neurotoxicity by well-
known researchers (for example, Needleman, 1989). Controlling for other risk factors, we
have found a number of these dysfunctions are significantly higher in communities that
treat water with silicofluorides than in those using either water treated with sodium fluo-
ride, naturally fluoridated water, or untreated water (Coplan and Masters, 1999; Wilson,
1999; Seavey, 2005; Maaset al., 2007; Masters, 2001). Among these behaviorsare rates of
violent crime (assessed using national data by county for two different years), substance
abuse(using data froma National I nstitute of Justicestudy of cocaine useat time of arrest

ED_001438_00000519-00003



Toxins, health, and behavior 387

Table 22.1 Percent screened with blood lead above 10ug/dl and other characteristics:
matched sample of 30 nonfluoridated and 30 silicofluoride communities,

Massachusetts
30 Non-fluoridated 30 Fluoridated
Communities Communities
Population(1000s) 837.3 8451
Children 0-5 57031 56446
% children screened 0.76 1.94
w/ >10 umg/dL
Lead in water (ppb) 21 30
4th grade MEAP 5440 5455
% Poor 4.6% 51%
% Nonwhite 6.6% 11.5%
% AB. 23.6% 30.5%
Income per capita $116600 $19600

Source: Masters and Coplan (1999b).

Table 22.2 Community demographics and risk factors, NY sample: distribution of 1990
US census variables in 105 NY state communities of population 15000~

75000 by SiF status

SiF No SiF
Demographics of 105 communities
Number of Communities 28 77
Mean Community Size 34778 25627
Children 0-5 as % of Pop. 8.50% 8.00%
No. Children 0-5 per Community 2960 2046
Total number children tested 1994-98
Total Number of VBL Tests 56934 94291
Total Number Capillary Tests 36791 68357
Total of all Blood Lead Tests 93725 162648
Percent of Tests for VBL 61% 58%
Seven risk-factors associated with high blood lead
Housing pre-1939 49.4% 23.3%
% Age 0-5 in Poverty 22.3% 8.5%
% Unemployed 3.5% 2.5%
% B.A. 7.4% 9.3%
Pop density (per Sq. Km) 155 143
Total Population 973785 1973336
Per Capita Income $14698 $19415

Source: Masterset al. (2000).
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Blood Lead Levels - ug/dL

B SiF < 10%
H SiF > 80%

Black

Mexican
Race of Child

White

Notes: For NHANES Il Children 3-5, mean blood lead is significantly associated with fluoridation status
(DF 3, F 17.14, p < .0001) and race (DF 2, F 19.35, p < .0001) as well as for poverty income ratio (DF 1, F
66.55, p < .0001). Interaction effect between race and fluoridation status: DF 6, F 3.333, p < .0029.

Figure 22.1 Average blood lead: NHANES 111, children aged 3-5. counties over 500000

Blood Lead Levels - ug/dL

[ SiF < 10%
M SiF > 80%

Mexican
Race of Child

Figure 22.2 Averageblood lead: NHANES 111, children aged 5-17: counties over 500000
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Table 22.3 US average rates in cities for six crimes by fluoridation chemical

MURDER RAPE ARSON
2000 2001 2000 2001

Silocofloride
H2SIF6 4851 52.38 157 .46 163.01 173.29
Na2SiF6 43.02 112.88 182.22 184.95 160.82
NaF 27 .86 2714 134.86 131.57 11743
Natural 12.86 11.86 90.0 76.0 69.86
None 18.3 16.54 106.5 100.0 128.77
# of cities 145 148 139 141 137

Note: In addition to variation in number of cities reporting for each type of crime,the size of city is a major
variable (see Table 22.2). As a result, these statistics are provisional, requiring further muitivariate analysis to
confirm that effects of silicofluorides in public water supplies that were found in US county data for violent

crimes in two earlier years are also present in this recent data by city.

Source: Crime rates: FBI (2002). Fluoridation agent: CDC Fluoridation census (1992).

for crime), and learning disabilities (ADHD having widely been found to have, among
possible causes, lead uptake).

The association between lead uptake and violent crime rates is confirmed by recently
released FBI crime data by city for the years 2000 and 2001 (Table22.3). While less com-
parable data are availablefor enhancement of the behavioraleffects of manganese toxic-
ity, limited data using the EPA’stoxic release inventory indicates that there is probably a
similar interaction for this toxin as well (Table22.2). In all of these cases, however, crude
measures of association need to be assessed using multivariate statistical techniques o
control for other risk variables. Using different data analyses and controlling for other
risk factorsin a variety of databases,silicofluoride treatment of water supplies has repeat-
edly been found to be an additional factor contributing to costly behavioral dysfunctions
(Tables 22.4-22.9).

In the light of these findings, an immediate moratorium on use of silicofluorides in
public water supplies is needed until extensive testing has conclusively demonstrated their
safety.Such testing must include not only the chemical effects of adding silicofluorides to
water (which are the first item listed by the National Toxicology Program (NTP} in their
official “nomination” of silicofluorides for toxicological study), but also experimental
studies of the costly behavioral effects found in analyses cited above.

Public policy action on this research is more than justified since over 120 million
Americans are now exposed to these untested toxic chemicals in their water supplies.
From the studies cited here, epidemiological data show negative outcomes are worse
for some ethnic minorities than for Whites. Increased rates of violent crime associated
with silicofluorides have resulted in the highest rate of per capita incarceration among
the industrial nations of the world. Since a year in jail costs $30000 or more (depending
on the jurisdiction), not to mention the costs of higher rates of learning disabilities and
substance abuse, silicofluoride-treated water entails substantial costs to taxpayers.

Finally, claims by dental associations that rates of tooth decay have been reduced by
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Note: Dataset of 2899 US counties reporting both TRI (EPA Toxic Release Inventory) and violent crime
(FBI Uniform Crime Statistics).

Source: Masterset al. (1998).

Figure 22.3 Environmental pollution with lead and manganese and rates of violent crime:
US counties

“fluoridation” have been contested because rates of caries are similar in Europe (where
silicofluorides are not added to water) and the US. But even if water treatment with sili-
cofluorides actually did reduce dental costs, the harmful effects to health and behaviorare
documented by scientific studies linking brain chemistry to behavior (a field outside the
scientific competence of the American Dental Association). It is worth adding that the
foregoing comments do not concern the use of sodium fluoride, which still can be used
for dental health.

3. THE NEWPERSPECTIVE REQUIRED FOR RESEARCH ON
HEAVY METALS, HEALTH, AND BEHAVIOR

The above analysis is based on extensive work in recent years on health and behavior
following the effects of heavy metals (primarily lead and manganese) as well as the
researchon “silicofluorides” (Bryson, 2004). This research and the professional collabora-
tion it hasentailed indicate three principles for policy-making on issues concerning toxins,
poliution, and health or behavior.
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Table 22.4 Multiple regression analysis of violent crime rates in US, 1991

Variable Unstandardized Coeff. T-ratio Probability
Population Density 8242 20.24 <.0001
Per capita income -.0007 -2.74 <.0001
Unemployment NOT SIGNIFICANT
%Black Poverty 40.06 2.33 <.05
% Hispanic Poverty 62.11 279 <.005
Police per Capita 153423 16.56 <.0001
Infant Death Rate 1.813 278 <.005
% housing pre 1950 526.75 -13.43 <.0001
Public water/cap 22534 407 <.0001
Median Grade Complete 2468 3.50 <.005
LeadTRI present 40.80 4.67 <.0001
ManganeseTRI 58.71 6.68 <.0001
Alcohol Death Rate 101.62 11.55 <.0001
#Alcohol & Lead 2148 254 <.05
#Alcohol & Manganese 55.40 6.54 <.0001
#lLead & Manganese 34.89 411 <.0001
#Alcohol & Lead&

Manganese 19.21 2.27 <.05

Notes: Adjusted r-square: 0.369. F 97.45; DF 17.2783; p - .0000
# —interaction terms.

Source: Masterset al. (1998).

Principle 1: New ways of thinking are needed to understand environmental factors
(including toxins like mercury) that influence health and behavior.

® Because individuals and groups differ in vulnerability, it is necessary to use an inter-
active approach that goes beyond the traditional search for a single “cause” of all
problematic behaviors. Examples include: first, a recent study showing how the
interaction of a mutant MAO A gene (on the X chromosome) and experience
of childhood abuse lead to antisocial personality (Caspi et al., 2002); second, the
association between lactose intolerance (a genetic trait common among Blacks and
some other ethnic groups) and enhanced uptake of lead from the environment (see
Figures 22.1 and 22.2; Angier, 1993; Reif et al., 1993). And finally, as illustrated by
the time lag between exposure to leaded gasoline and lead uptake, infants are often
especially at risk for uptake during fetal development and the first months of life
(NIMH) with a time lag until effects are documented.

® Since the same effect or phenotypic frait can have multiple causes, it is necessary to
go beyond the traditional medical practice of linking “one germ to one disease.” For
example, hyperactivity (ADHD) has been traced to genetic mutation, to uptake of
toxins and their effects on dopamine and neurotransmitter function, and to social
experiences such as abnormal events in early childhood (Masters, 2001). Similarly,
Alzheimer’s disease has been traced to uptake of aluminum, to alcohol consump-
tion, and to social isolation.
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Table 22.5 Factors influencing US violent crime rate, 1985: multiple regression, 2880 US

counties

Variable Standardized Coefficient t-value Probability
% Black 2798 15.895 .0001
Poverty/Wealth Ratio 2262 6.564 .0001
Population Density 1956 9.383 .0001
% SiF 1150 6.191 .0001
% HS Graduate .0795 3.461 .0005
Per Capita Income .0457 1.851 .0642
% Houses pre 1939 -.1071 5.091 .0001
Population —-.02587 0.823 ns.
Lead Toxic Releases .0042 0.262 ns.
Manganese Toxic Releases .0196 1.246 ns.

Notes:

DF 10, 2869; R squared = .3238; F-test = 137.401; p = .0001.

Variables listed in order of strength of standardized coefficient.

When both % of population onsilicofluorides and toxic release inventory (TRI) of lead and manganese are
included in the analysis, silicofluoride usage is a significant predictor of violent crime whereas heavy metal
pollution ceases to have a significant additional effect. This probably explains the significance of the variable
“public water supply per capita” in the 1991 multiple regression in Table 22.4, which was calculated before
RDM knew of the issue of silicofluoride toxicity.

Principle2:  Because nothing acts alone, it isessential to study interactions betweenvarious
factors that influence health and behavior.

® Multiple toxins have worse effects than each of these foxins alone. For example,
uptake of lead and of manganese has worse effects on behavior than either toxin
alone (Figure 22.3; Table22.4). Uptake of a toxin that inactivates metallothionein
(for example, by changing this protein’sthree-dimensional conformation) resultsin
failure of this natural mechanism for sequestering and excreting toxins. As a result
of such processes, the addition of fluoride compounds has also been found to be
problematic. For example, in 1997, a Federal government report found that “for
small systems using ground water . . . the second leading problem .. . was fluoride,
which was reported as a problem by 57 (8.8 percent) of the small ground water
systems with violations” (National Research Council, 1997, p32). Although silico-
fluorides (H2SiF6 or Na2SiF6) are used for over 90 percent of water fluoridation
in the US (and currently treats water delivered to over 120 million Americans), this
report did not distinguish between compounds used to add fluoride.

@ This failure to distinguish between sodium fluoride and silicofluorides is also
relevant to the NRC report that:

Copper and fluoride were the most frequently identified chemicals causing acute iliness
— usually vomiting within a short time after consuming the water or using it in beverages.
The source of copper in these outbreaks was leaching from plumbing and water service
pipes due to corrosive water.. . The source of fluoride was various operational and
technological deficiencies in the equipment used to fluoridate the water to prevent dental
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@ Mn Absent
W Mn Present

Violent Crimes per 1000 pop

None 0.1-60% >60%

% county on Silicofluorides

Notes:

Significance: Silicofluoride Usage: p = .0001, F 27.605; Manganese Poliution: p = .0001, F 79.005; Interaction
of SiF and Mn: p = ..0239, F 3.739.

For the 369 US counties where over 60% received water treated with silicofluorides, and there is no Toxic
Release Inventory record for manganese, the violent crime rate in 1991 (3.53 per 1000) was intermediate
between rates in the 109 counties with manganese TR1 and no silicofluorides (4.40) or the 217 counties with
between 0.1 and 60% receiving silicofluorides (3.49). Where both silicofluorides are delivered to over 60% of
the population and manganese TRI is present, the crime rate was 5.34. In 1991, the national county average
was 3.12 violent crimes per 1000.

Figure 22.4 Manganese TRI and silicofluorides as factors in violent crime, 1991

problems. Two deaths occurred as a result of high fluoride levels (National Research
Council, 1997, p.38).

o Becausesilicofluorides are highly corrosive compounds, it is likely that some of the
effects of copper water pipes were influenced by the use of silicofluorides (Hara
et al., 2002; Coplan and Masters, 1999). Such an effect, especially when combined
with water disinfected by either chlorine or chloramine, would be parallel to the
experimental finding that when silicofluoride is combined with chloramine or
chlorine, substantial amounts of lead leach from brass pipes or water meters (Maas
et al., 2007). As these findings confirm, speaking of “fluoride” without reference
to the specific compounds used in fluoridation and ignoring interactions between
chemicals can resultin failure to consider effects like those produced by the interac-
tion between silicofluoride and chloramine as a source of lead leached from either
leaded solder or brass water fixtures.

® Biomarkers that measure the exposure and uptake of chemicals have an essential
role to play in monitoring and analyzing risks to health and behavior. While it was
long traditional to measure levels of lead and other toxins in blood, sampling
urine or head hair is also valuable and in some cases more effective as a screening
device. For a precise measure of uptake of a single toxin, it may be necessary to
analyze more than one biomarker (for example, verifying lead levelsin head hair by
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Table 22.6 Multiple regression: causal factors associated with rates of violent crime, all
US counties, 1985

Variable: Coefficient  Std. Err.  Std. Coeff. t-Value  Probability:
Intercept —0.005056

**OSIF 0.000368  0.000133 0.044933 2779132 0.0055
Unemployment 0.000076  0.000013 0.106014 5.088623 0.0001
Per capita Income Black -9.92E-09 569E-09 -0.028883 1.742151 0.0816
Per capita Income 9.53E-08 1.91E-08 0.115025 4989345 0.0001

Median Grade Completed 0.000205  0.000069 0.081833 2971707 0.003
Median Year Housing Built 0.000003  0.000004 0.01226 0.719065 04722

% Black 0.00005 0.000003 0.313211  17.565442 0.0001
% Graduate -0.000022 0.000007 -0.096468 2.965084 0.0031
% Rural -0.000027  0.000001 -—0.349944  18.728391 0.0001
Confidence Intervals

Variable: 95% Lower: 95% Upper: 90% Lower: 90% Upper: Partial F:
Intercept

**OSIF 0.000108 0.000628  0.00015 0.000587  7.723575
Unemployment 0.000051 0.000101 0.000055 0.000097 35.863607
Per capita Income Black -2.11E-08 125E-09 -193E-08 -550E-10 3.035091
Per capita Income 5.78E-08 1.33E-07 6.39E-08 1.27E-07 24.893561

Median Grade Completed 0.00007 0.00034 0.000091 0.000318  8.831041
Median Year Housing Buiit —0.000005 0.000011  —0.000004 0.00001 0.517055

% Black 0.000044 0.000056  0.000045 0.000055 308.544769
% Graduate —-0.000036 -0.000007 -0.000034 —0.00001 8.791723
% Rural —0.00003 —-0.000024 -0.000029 -0.000024 350.752619

Note: Again, presence or absence of silicofluorides is asignificant predictor of violent crime. Interestingly,
in this group of nine predictive variables, only the median year of house construction is not significant.

analyzing lead levels in blood). On the other hand, for environmental assessment
and epidemiological research, head hair has the advantage of measuring cellular
uptake of 17 toxins and 23 necessary elements simultaneously by using a non-
invasivesample of head hair that iseasily obtained and relativelyinexpensive (Quig,
1997).

Principle3  Policy interventionscan be important: “anounce of preventioniswortha pound
of cure.”

In this process, science matters, as is illustrated by the evidence that the ban on leaded
gasoline had theeffect of reducing ratesof violent crime (see Table22.4) while the practice
of water fluoridation with silicofluorides significantly increased rates of violent crime
(Coplan and Masters, 1999; Wilson, 1999; Seavey, 2005; Masters et al., 1999). Because

most citizens (and indeed most social scientists) are not fully aware of the scientific
complexities just described, principles of market allocation don’t alwayswork to prevent
harm from toxins (as illustrated by the continued use of dental amalgam after dangers
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Table 22.7 Multiple regression: causal factors associated with rates of violent crime, all
US counties, 1991

Variable: Coefficient  Std. Err. Std. Coeff. t-Value  Probability
Intercept -0.026874

**%SiF 0.000922  0.00019 0.076136 4847215 0.0001
Unemployment 0.000064  0.000017 0.062928 3.693542 0.0002
Per capita Income Black -3.96E-09  8.09E-09 -0.007926 0.489639 0.6244
Per capita Income 1.28E-07  2.63E-08 0.108872 4.869223 0.0001

Median Grade Completed 0.000504  0.000095 0.140963 5.3049005 0.0001
Median Year Housing Built ~ 0.000014  0.000006 0.039495 2411564 0.0159

% Graduate —-0.000058  0.00001 -0.178521 5719072 0.0001
% Rural —0.000041 0.000002 -0.376415  20.749842 0.0001
% Black 0.00008 0.000004 0.351002  20.358866 0.0001
Confidence Intervals

Variable: 95% Lower 95% Upper 90% Lower 90% Upper Partial F
Intercept

**%SiF 0.000549 0.001295 0.000609 0.001235 23.495494
Unemployment 0.00003 0.000098 0.000035 0.000092 13.642253
Per capita Income Black -1.98E-08 1.19-08 -1.73E-08 9.36E-09  0.239747
Per Capita Income 7.65E-08 1.80E-07 8.48E-08 1.71E-07 23.70933
Median Grade Completed 0.000317 0.00069 0.000347 0.00066  28.142022
Median Year Housing Built ~ 0.000003 0.000026 0.000004 0.000024 5.81564
% Graduate -0.000078 -0.000038 -0.000075 -0.000041 32.70778
% Rural -0.000045 -0.000037 -0.000044 -0.000038 430.555948
% Black 0.000072 0.000088 0.000074 0.000087 414.483444

Note: In 1991, silicofluorides are again a signicant predictor of violent crime controlling for eight other
variables. Unlike 1986, in 1991 age of housing is a significant predictor whereas per capita income among
blacks is no longer significantly associated with rates of violent crime in the US.

from mercury were identified by specialists). Overall, especially given the characteristics
of public health and environmental protection as “public goods,” government has a
necessary role to play. Regulations and laws can play a valuable role in protecting the
public, including not only prohibitions of commercial sale of known toxins, but also the
enforcing principle that untested chemicals shouldn’t be added to a public water supply
until they areshown to be safe. Judicial procedures can also play an essential role by estab-
lishing and enforcing liability for damages due to the use of known toxins in a manner
fair to both those seeking and those opposed to exposing the public to the chemical in
question.
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Table 22.8 Effect of fluoridation chemicals on crime rates in US cities by size (2000,

2001)
Silicofiuoride Other Totals

Murder 2000
<250000 16.06 (66) 14.25 (24) 15.58 (90)
250750000 44 87 (38) 33.2(5) 43.51 (43)
>750000 258.8 (10) 42 (2) 222 67 (12)
Total 46.96 (114) 19.10 (31) 41.0 (145)
Signif:
size of city = .0001; fluoridation chemical = .0002; interaction =.0003
Murder 2001
<250000 16.58 (67) 13.0 (25) 15.61 (92)
250750000 50.10 (39) 316 (5) 48.0 (44)
>750000 5542 (10) 430 (2) 469 (12)
Total 74.20 (116) 17.78 (32) 62.0 (148)
Signif:
size of city = .0323; fluoridation chemical = .0334; interaction =.0623
Rape 2000
<250000 7948 (62) 87.35 (23) 81.61 (85)
250750000 21345 (38) 196.6 (5) 211.49 (43)
>750000 584.56 (9) 1805 (2) 511.09 (11)
Total 167.89 (109) 111.77 (30) 155.78 (139)
Signif:
size of city = .0323; fluoridation chemical = .0334; interaction =.0623
Rape 2001
<250000 81.43 (63) 81.83 (23) 81.53 (86)
250750000 22203 (39) 1724 (5) 216.39 (44)
>750000 592.56 (9) 159.0 (2) 513.73 (11)
Total 172.27 (111) 102.07 (30) 157.33 (141)
Signif:

size of city = .0001; fluoridation chemical = .0048; interaction =.0431

4. SUPERFUND SITES, HEALTH AND BEHAVIOR:STUDIES
OF TOXIGENOMIC EFFECTS OF ABANDONED MINES

A second example of the new approaches to policies on the environment, health and
behavior is provided by research on two abandoned mining sites in Quebec. Under the
direction of Christopher Covel, a geologist now of Jefferson, Maine, preliminary research
has identified the toxins in mine tailings and water poliuted by an abandoned mine at Lake

ED_001438_00000519-00013



Toxins, health, and behavior 397

Chibougamau, Quebec, comparing chemicals present in the environment with uptake
of these toxins by members of the Oujé-Bougoumou Cree community living at this site.

This field research thus explored how the association between exposure and uptake could
illuminate levels of disease and behavioral dysfunction among the Cree. A similar study

has been conducted on effects of exposure to toxins fromanother abandoned mine on the
Kanesatake Mohawk community near Oka, Quebec.

A brief review of this research on abandoned mines will illustrate the need to
reconsider the analysis of exposure to multiple toxins at Superfund Sites throughout
the US. Because evidence of effects on health and behavior is focused on members
of two Native American communities, these cases allow study of multiple toxins and
their effects with minimal confusion of genetic diversity and population mobility. The
Oujé-Bougoumou Cree, living near Chibougamau, Quebec (about 300 miles north of
Montreal), are exposed to residues from abandoned copper and gold mines (Covel,
2001). The Kanesatake Mohawk, living near Oka, Quebec, are affected by contaminated
soil and water due to what was the world’slargest mine for niobium (a rare metal used
to harden steel). In both communities, extremely high levels of toxins were found in soil
and water. Analysis of head hair from small exploratory samples in each community
revealed cellular absorption of dangerous levels of multiple toxinsin many children and
adults. Moreover,if head hair has absorbed a toxin, it is prudent to assume this has also
occurred in the brain’s neurons.

Tosummarize briefly data on toxins in head hair among the Oujé-Bougoumou Cree,
it is useful to consider the 95 percent percentile level of each toxin for adult males and
females as a measure of unquestioned harm. Toillustrate, for four well-known toxins, the
following proportions of those we sampled were over the 95 percent percentile (that is,
less than 5 percent of those sampled were as high or higher): mercury — 12 of 22 reports;
manganese—7 of 22 reports; arsenic —3 of 22 reports; antimony -7 of 22 reports. Tointer
pret these results, it needs to be noted that 1.1 cases out of 25 tested represents the average
number of Americans above the 95th percentile. For these four highly toxic metals, the
Oujé-Bougoumou we sampled were from about 3 to 12 times more likely (depending on
the metal) to have indications that bodily uptake for environmental exposure was at a
serious level.

Although objective scientific data on most behavioral or disease outcomes have
been difficult to locate for the two Native American communities, a study of rates
of asthma and wheezing among Kanesatake Mohawk children aged 0-18 recorded
a prevalence of asthma (20.6 percent) almost twice that for Canadian children (11.2
percent)and triple that in the United States (6.91 percent). This finding deserves atten
tion because heavy metal toxicity has been linked to asthma, and in the Kanesatake
community, children often carry levels of toxins more than one standard deviation
abovethe US median. Combinedwith informal reports of hyperactivityor other behav
jors and diseases linked to toxins, evidence indicates that in this community and the
Oujé-Bougoumou Cree, exposure and uptake of multiple toxins could often be linked
to harmful effects.

The nine heavy metals are substantially higher in the 23 Oujé-Bougoumou than
in comparable analyses of approximately 10000 normal males from the US. These
elements include toxins that have been linked to health and behavioral dysfunction.
Among them are mercury (which has multiple harmful effectsand is present among the
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Cree at exceptionally high levels) as well as lead, cadmium, manganese, and aluminum
(chemicals which have been linked to learning disabilities, substance abuse, aggressive
behavior, and disease). Because numerouselements are not present in excessively high
levels among the Cree, these results do not seem to be an artifact of sampling or ana
lytical processing.

The dangers of mercury toxicity, which have been widely discussed due to the effects
of many dental amalgams, concern both “significant oxidative damage in the body”
and interference with “the body’s capacity to quench” other toxins. Among the 23
Cree sampled, mercury levels are 32 times those found in a baseline sample of 10000
Americans. The role of fish in the Oujé-Bougoumou diet and high levels of mercury in
soil and water are likely to be responsible.

Because mercury has the effect of inhibiting the natural mechanisms of detoxification
(such as glutathione), absorption of high levels of this toxin can makeexposure to other
toxic heavy metals even more dangerous than otherwise. To illustrate the magnitude
of the effect, the ratio of the remaining eight heavy metals is abnormally high among
the Oujé-Bougoumou compared to typical US residents. A ratio of 1.0 corresponds to
levels of a toxin that would be similar among the Cree and Americans. Among the Oujé-
Bougoumou Creg, levels of aluminum (often implicated in Alzheimer’s disease) are over
5 times those in the American sample, and levels of lead (associated with hyperactivity,
substance abuse, and violent crime) are 4 times those in the US. Although the functional
effects of high levels of selenium and tin are not well understood, higher levels of man-
ganese and cadmium have also been associated with higher rates of aggressive behavior
and substance abuse.

Results of Study of the Kanesatake Mohawk

The environment of the Kanesatake Mohawk community, just west of the town of Oka,
is impacted by toxins from an abandoned niobium mine. In addition to extensive mine
tailings and contaminated water in open mine pits, the site was used for dumping drums
of toxic waste. Although published data indicate levels above Canadian governmental
guidelines for aluminum, iron, fluorides, manganese, and nitrites in liquid mine residues
and for manganese and zinc in mine tailings, potentially dangerous levels of many other
toxins are also reported and the location of these samples is not fully specified. There can
be little doubt, however, that toxins are dispersed through a broad area. For example, in
supporting the request of Niocan, a mining company, to reopen the mine in question,
one recent legal document explicitly refers to contamination in agricultural lands near
the abandoned mines.

To gain evidence of the potential for dangerous uptake of these toxins, head hair
collected from an exploratory sample of 28 Kanesatake Mohawk was sent to Doctor’s
Data Laboratory. For over half (54 percent) of this sample, five or more elements were
more than one standard deviation above the American median, and just under three-
quarters (71 percent) had one or more elements over two standard deviations above the
American median. This toxic burden was also indicated by the Total Toxic Exposure Index
(TTELI), a measure used by Doctor’s Data to indicate the overall threat posed by an indi-
vidual’'s uptake of toxins. Using this measure, 63 percent of the Kanesatakesample had
a toxic load above the 68th percentile (one standard deviation above the median for US
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samples), and 22 percent were above the 95th percentile (two standard deviations above
the median).

Twotoxins— manganese and antimony —are found in head hair more often than others.
Manganese levelsare more than one standard deviation above the US median in 16 of the
28 individuals tested, and above two standard deviations (over the 95th percentile) in 12
of them. High uptake of antimony exists at similar frequency: 14 individuals are above
one standard deviation and 7 are above two. Other toxins are also often at dangerous
high levels.

Measures of potency are important as well as measures of the frequency of danger
ous levels of toxins. Of the metals tested in head hair, the Agency for Toxic Substances
and Disease Registry (ATSDR) considers arsenic the highest priority based on both the
relative toxicity per gram and the frequency of exposure at the national level. Although
arsenic does not occur as frequently as manganese and antimony among those sampled,
those with uptake of high levels of arsenic (over one standard deviation above the US
median) are also likely to have been exposed to many other toxins. For example, among
those with high levels of arsenic, five out of seven have similarly high levels of lead
(considered second highest priority by ATSDR). Given the possibility of synergistic
interactions among toxins, head hair is a useful biomarker of exposure because it provides
data on multiple elements and compares uptake to national norms.

[dentification of individuals who are particularly at risk makes it possible to recom-
mend further examination and, if necessary, treatment. In the opportunistic sample of
Kanesatake Mohawk, such cases are illustrated by six individuals (here identified only by
initials) who are above the 95th percentile for Total Toxic Exposure Index.

1. TL (male, age4) is above the 95th percentile for antimony, and above the 68th percen-
tile for arsenic, lead, copper, silver, aluminum and gold.

2. SB (male, age 5) is above the 95th percentile for arsenic, antimony, and tin, and
above the 68th percentile for lead, cadmium, chromium, selenium, silver, aluminum,
uranium and gadolinium.

3. LB (female, age 33) is above the 95th percentile antimony and gadolinium, and above
the 68th percentile for arsenic, lead, cadmium, cesium, manganese, palladiumand tin.

4. DD (male, age 35) is above the 95th percentile for chromium, silver, antimony, alu-
minum and gadolinium, and above the 68th percentile for lead, zinc, manganese,
palladium and titanium.

5. PB (male, age 41) is above the 95th percentile for arsenic, manganese and antimony,
and above the 68th percentile for lead, aluminum, tin and gadolinium.

6. DN (male, age 49) is above the 95th percentile for antimony and tin, and above
the 68th percentile for arsenic, chromium, manganese, aluminum, titanium and
gadolinium.

Since two in this category are young boys, identification and treatment is clearly feasible
for children.
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Conclusions Based on Preliminary Studies

Levels of toxins found in the head hair of preliminary Cree and Mohawk samples are
usually associated with exposures that pose serious dangers to health, normal cognition,
and behavior. Dangers of lasting effects are particularly severe for very young infants, for
whom toxins can disturb normal development of brain structuresand hence havdife-long
effects While detailed epidemiological data for health and behavior are not available for
either community, anecdotal evidence of high frequencies of behavioral and health dys-
functions and data on asthma among the Kanesatake Mohawk confirm the need and
potential of further research among these populations.

CONCLUSION

For numerous types of social behavior, neuroscience points to revolutionary changes in
our understanding of factors that influence humans, albeit often with differenteffectsdue
to race, health, and income. With at least 80 million Americans taking Prozac or similar
medications for depression, and perhaps as many as 11 million American children using
Ritalin to control symptoms of hyperactivity (forexample, ADHD), it should be no secret
that brain chemistry influences human behavior. Nonetheless, social scientists havegiven
little attention to evidence that dysfunctional behavior can be more likely when toxins like
lead lower levels of essential neurotransmitters.

Conceptual changes in conventional social scientific research and public policies are
needed when repeated studies show that dysfunctional behaviors can be associated with
neurotoxins like lead, manganese, or silicofluoride. Consistent with their effects on neu-
rotransmitters and behavior, the neurotoxins lead (Pb) and manganese (Mn) are often
found in above-average levels among learning disabled children and violent criminals.
Water treated with either hydrofluorosilicic acid (H2SiF6) or sodium silicofluoride
(Na2SiF6) increases bodily absorption of these toxins and has other harmful effects on
brain chemistry.

Public policies to reduce exposure to these toxins, whose sources are known, should
therefore be given higher priority by American policy-makers. The geographic location of
industrial releases of lead or manganese is recorded in the EPA’sToxic Release Inventory.
Communities fluoridating water supplies with either fluorosilicic acid or sodium silico-
fluoride were recorded in the CDC’s Fluoridation Census 1992, a 1007-page volume that’s
still useful but needs to be updated. More disturbing from both a practical and ethical
perspective is evidence that the effects of these neurotoxins are substantially greater
among Blacks than Whites.

Although knowledge of brain chemistry and behavior can identify sources of
harm, the precise processes involved are complex and variable. For example, while the
dangers of adding tetraethyl lead to gasoline were long known to some specialists,
detailed evidence of its toxicity and harmful impact on health and behavior had not
been widely documented even when this chemical was banned in 1991 (Kitman, 2000).
Even today, the higher rates of violent crime, substance abuse, and learning deficits
described below are not the target of effective public policies (Nevin, 2000; Masters,
2001).
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To take a more striking case, even though the silicofluorides are highly corrosive
and toxic metals, in 1950 their use was approved by the Public Health Service without
testing on the “assumption” that the compounds H2SiF6 and Na2SiF6 “dissociate” into
their component elements when added to water. Hence, 58 years after the introduction
of water treatment with silicofluorides, all that was known of harmful effects from these
compounds was “acute toxicity data.” While not a direct test of silicofluoride treated
water, this limited information would normally be a prudential reason not to embark on
this policy without tests of safety under normal conditions of the proposed usage.

The assumption underlying the Public Health Service’s original approval of silico-
fluoride use in 1950 was eventually confirmed over half a century later when dissociation
of this compound was finally studied with appropriate laboratory experiments (Finney
et al.,2006). Contrary to Westendorf'sclaim that incomplete dissociation was the basis of
harmful effects fromsilicofluoride, Finney’s laboratory experiments confirmed complete
dissociation of silicofluorides. Contrary to the PHS conclusions from this fact, however,
Finney’sexperiments also revealed the resulting biochemical effects included acetyicho-
linesterase inhibition. Because thisenzyme controls the activity of acetylcholine, the main
neurotransmitter in bodily movement, this confirmation of Westendorf's hypothesis is
sufficient to explain the observed link between silicofluoride treated water and higher
rates of impulsive behavior. This effect thus helps explain higher rates violent crime, of
substance abuse, and learning deficits observed in communities where water supplies are
treated with H2SiF6 or Na2SiF6.

Toexplore the scientific basis of such effects, the National Toxicology Program (NTP)
of the National Institutes of Health had announced a project to study the new field of
“toxicogenomics.” This area of research expands the study of toxins to include the poten-
tial variability of reactions due to specific genetic mutations. The text of that announce-
ment in the Federal Register (2002) provides a valuable introduction to this field:

Toxicogenomics

With the advent of novel molecular technologies, the NTP is moving into the arena of
toxicogenomics, a new scientific field that examines how the entire genome is involved in bio-
logical responses of organisms exposed o environmental toxicants. Toxicogenomicsstudies the
effect of toxicants on gene activity and specific proteins produced by genes in response to those
toxicants.

In an effort toward centralizing activities in toxicogenomics, the NIEHS/N |H established the
National Center for Toxicogenomics(NCT) in September 2000. The NCT’s mission is to coor
dinate a nationwide research effort for the development of a toxicogenomics knowledge base.
Additional information about the NCT is availableon the NIEHS website at: http://www niehs.
nih.gov/nct or by contacting the NTP Executive Secretary.

A specific question necessarily follows: will this new approach contribute to our
understanding of human health and behavior in ways that improve public policy?
Before providing illustrations of the importance of toxicogenomics for political
decision-making, however, it is important to outline the changes in perspective needed

to achieve these benefits. Toxicogenomics requires that we abandon the traditional
dichotomy between “nature” and “nurture” as mutually exclusive explanatory cat

egories, adopting instead approaches that integrate biological and social analyses of
human behavior (Schubert et al.,1978; Abou-Doniaet al., 2001a and 2001b; Masters

et al., 1997).
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The foregoing research indicates the need to include biochemical and environmental
factorsin theanalysis, treatment, and prevention of behavioraldysfunctionsand diseases
that have long been analyzed in terms of the obsolete “nature — nurture” dichotomy.
Conventional assessments of environmental pollution have focused on the presence of
chemicals which have been identified as toxic. Such findings do not trace the uptake
of these toxins and describe individual health or behavioral conditions associated with
them. Completing the linkage between environmental releases and uptake influencing
specific individuals is especially important because precise exposures and sensitivities
vary.

The consequences are important for researchers in a number of the fields whose
collaboration will often be needed. Criminologists who consider income, social class, edu-
cation, and familial life haverarely imagined that brain chemistry and toxicology can help
explain why some individuals are more sensitive that others to given environmental risk
factors for criminal behavior. Toxicologistshave often been content to sample one or two
sites within a community, apparently unaware of the way differences between residences
that are merely 100 meters apart can be associated with substantial differences in levels
of extremely toxic metals. Physicians, psychiatrists, teachers, and parents treating ADHD
are not aware that uptake of neurotoxins is often a crucial factor in hyperactivity and
that, with chelation therapy, behavior can be greatly improved without the use of Ritalin
or other medications.

Fortoo long, “natureversus nurture” has been a theoretical dichotomy described in the
abstract and defended with more heat than light. This dichotomy has meant that teaching
and research in the biological sciences remains largely divorced from work in the social
and policy sciences. In the age of human genetics, brain chemistry, and toxicogenomics,
it is time to abandon this obsolete conceptualization of scientific knowledge. Whether
describing the factors that might be producing high levels of ADHD in our school
children or treating those who are afflicted, both political scientists and policy-makers
need to consider scientific complexities unknown a generation ago. The same needs to
be said of violent crime or substance abuse. Of course, it will take time to achieve such
a profound transformation in entrenched ways of thinking. Hence the first steps in this
direction should be a substantial expansion in undergraduate and graduate educational
programs in such interdisciplinary fields as Human Biology, Cognitive Neuroscience, and
Behavioral Genetics as well as Toxicogenomics.
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